Introduction
The purpose of this article is to examine the validity and relevance of studies of medical treatment, using rifabutin prophylaxis as an example. Excellent guides to assessing medical literature have been described in some detail by Guyatt and others.' 2 This article draws on those guides to address the question of whether to offer rifabutin prophylaxis against mycobacterium avium complex to people with advanced HIV infection. It dissects part of the clinical decision-making process, of weighing up the benefits and risks of treatment against the consequences of withholding treatment, into a series of judgements about the validity and clinical relevance of the data.
The clinical problem The incidence of Mycobacterium avium complex infection increases markedly in people with advanced HIV infection and low CD4 counts, with cumulative estimates of 15-24% of AIDS patients. The dissemination occurs in primary sites of infection in the gastrointestinal tract or lungs and contributes substantially to the morbidity, (causing fever, weight loss, abdominal pain and diarrhoea) and is associated with poorer survival. 3 Although therapy with multiple drug combinations can improve survival and symptoms, current treatment and maintenance regimens are not ideal because of drug intolerance and a high rate of relapse and infection. Effective primary prophylaxis for patients at highest risk would seem an appropriate clinical strategy.
The evidence for prophylaxis Rifabutin is known to have activity against M avium complex, both in vitro and in animal models. 4 An early non-randomised study5 examined the effectiveness of rifabutin in preventing M avium complex in AIDS patients by comparison with a control group of AIDS patients from another institution who had not received the drug. The rifabutin-treated group had significantly better survival than the control group, but the authors were careful to point out that the survival advantage could not necessarily be attributed to rifabutin. Although the two groups were similar with respect to age and CD4 count, the proportion of patients taking Pneumocistus carinii pneumonia (PCP) prophylaxis, which is known to improve survival, was much higher in the rifabutin-treated group (72%) than the control group (10%). It was therefore impossible to know whether rifabutin had affected survival or not. When designing a study to assess the efficacy of a treatment, the best way to ensure that prognostic factors (whether known, such as age, CD4 count and PCP prophylaxis, or unknown) are evenly distributed between the two groups, is to randomly allocate patients to either treatment (rifabutin) or control (placebo). Had this been done, any survival advantage in the rifabutin-treated group could have been more plausibly attributed to rifabutin. This study illustrates one of the reasons why non-randomised studies are less useful than randomised trials for estimating the effectiveness of treatment. Non-randomised studies are more likely to produce systematic differences in prognostic factors between the treatment and control groups, which can result in biased estimates of treatment effects and false conclusions. Comparison of randomised with non-randomised studies of the same treatment6 7 shows that the nonrandomised studies tend to overestimate the effect of treatment, and may even show a beneficial treatment effect when none exists.
Is there any evidence for rifabutin prophylaxis from randomised trials? Two8 randomised, placebo-controlled trials have been conducted in North America. In one trial, 590 patients who had AIDS, a CD4 count of less than 200, no evidence of M avium complex from blood or stool culture (and satisfied additional entry criteria) were randomly assigned to treatment with either 300 mg of rifabutin daily or matching placebo. A second trial followed an identical study protocol and randomised 566 patients to either rifabutin or placebo. Patients in each treatment group were followed up approximately monthly, for an average of 185 to 231 days, and at each visit they were assessed for clinical symptoms and illnesses, and for M avium complex bacteraemia. Similar findings in both trials led the authors to conclude that rifabutin, given prophylactically, reduces the frequency of M avium complex bacteraemia in patients with AIDS and CD4 counts less than 200. Commenting on these findings in the same issue of the New EnglandJournal ofMedicine, a special report from the Public Health Service Task Force on prophylaxis and therapy for M avium complex9 recommended that patients with HIV infection and a CD4 count of less than 100 should receive prophylaxis against M avium complex. Opinions and practice in the UK vary considerably. Using the criteria or it may mean that the patient feels well and has little incentive to attend the clinic. In short, important bias can occur if a substantial proportion of patients are lost to follow-up. Whether this bias over or under estimates any treatment effect depends on whether the loss to followup was related to positive or negative events, and how this was balanced between the treatment and control groups. In the trials of rifabutin prophylaxis, only a small proportion of patients were lost to follow-up, and the proportions were similar in each group (7% of the placebo group and 6% of the rifabutin group). Thus the second criterion for assessing validity (table 1) is satisfied.
Were patients analysed in the groups to which they were randomised? We also need to ask whether patients were analysed in the groups to which they were randomised, regardless of whether they actually took the treatment as prescribed or not (that is, whether an "intention-to-treat" analysis was done). There are two important reasons for analysing the data according to intention to treat. First, patients often omit treatment for reasons related to prognosis, and second, there will always be non-compliant patients in clinical practice. Excluding patients who did not take their treatment from the analysis would therefore destroy the unbiased comparison provided by the randomisation (particularly if patients were less compliant with one of the treatments than the other), and fail to represent the "reallife" situation in clinical practice. In the rifabutin trials, the researchers did analyse the data by intention to treat, thereby satisfying the third criterion for validity. Since the three most important criteria for validity have been satisfied, we can go on to look at some additional criteria (table 1 Were the groups similar at the start of the trial? The greater the similarity between actively treated and control groups, for all factors that affect outcome except the treatment itself, the greater the likelihood that differences in outcome are due to the active treatment. One of the most effective ways to achieve similarity in prognostic factors is exclude patients with certain characteristics from entering the trial, such as smokers. Another way is to randomise large numbers of patients to one or other group, and this is the only way to balance unknown prognostic factors. Randomisation can result, by chance, in an uneven distribution of prognostic factors between treatment groups, but as the sample size (number of patients recruited) increases, the chance of this happening becomes smaller and smaller. If the treatment groups are not similar at baseline, the study is not necessarily invalid. Statistical techniques can be used to take account of baseline differences and adjust the study results accordingly. Validity is stronger, however, if the adjusted and unadjusted results both lead to the same conclusion. The results showed that rifabutin significantly reduced the incidence of M avium bacteraemia from 17% (placebo group) to 8% (rifabutin group) in one trial, and from 18% to 9% respectively in the other trial. Statistically significant reductions (table 2) were also found in fever and fatigue, but the frequency of weight loss, night sweats, abdominal pain and diarrhoea were all very similar in the two groups. The death rate was non-significantly lower (5.8%) in the rifabutin group than in the placebo group (8.1 %).
There are various ways of expressing the size of a treatment effect (table 3) . One is simply the difference in frequency (risk difference) between the treatment and control groups. For example, the risk difference for M avium bacteraemia in one trial was 17% minus 8% = 9%. Alternatively, the treatment effect can be expressed as a risk ratio-in this example 8%/17% = 0 47. Often, the risk ratio is expressed as a percentage of the risk in the control group (the relative risk reduction). In this example, the relative risk reduction was (1 -0-47) x 100% = 53%. In other words, the risk of M avium bacteraemia in the rifabutin group was 53% lower than the risk in the control group. In a trial where there is no treatment effect at all, the risk difference and the relative risk reduction will be 0%, and the risk ratio will be 1. Taking one of the clinical end-points, fatigue, the size of the treatment effect can be expressed as a risk difference of 6%, or a risk ratio of 0-84 or a relative risk reduction of 16%. (In the paper, the calculation of the risk ratio takes into account the time to development of fatigue. Since the time-dependent risk ratio is lower (0.76) than 0-84, we can infer that patients on placebo developed fatigue more quickly than those on rifabutin). Since there was no treatment effect on some of the more distressing symptoms associated with M avium complex, we can judge that rifabutin had less effect on clinical outcomes than on the bacteriological end-point. There was a tendency to better survival in the rifabutin group (and this effect may have been underestimated because some of the patients in the placebo group ended up taking rifabutin), but the trial was not large enough to exclude the possibility that the survival difference had occurred by chance (see below). would intuitively place more confidence in the result from the larger trial. This is because the probability that the estimated treatment effect varied widely (by chance) from the true treatment effect would be much lower for the large trial than for the small trial. In other words, the precision of the estimated treatment effect would be much greater in the large trial. The degree of precision is reflected by the width of the statistical confidence interval around the estimated treatment effect.'0 For example, the confidence interval around a 53% relative risk reduction in a trial of a thousand patients might be 48% to 58%, compared with an interval of 23% to 83% in a trial of fifty patients. When, as conventionally, the interval is the "95%" confidence interval, it defines the range of values that includes the true relative risk reduction 95% of the time.
(In probability terms, if the same trial had been repeated 100 times, the estimated effect in 95 of those trials would lie within the 95% confidence interval).
In describing the different ways of expressing a treatment effect (see above), we noted that when there is no treatment effect at all, the risk difference and the relative risk reduction are both zero and the risk ratio is one. It is more likely in a small trial (than in a large trial) that wide confidence limits around the risk ratio will include one, making it hard to exclude no treatment effect. The same conclusion would be drawn if the confidence interval around the risk difference, or the relative risk reduction, included zero. If the 95% confidence interval includes the possibility of no treatment effect (that is, if it overlaps one or zero respectively) then the treatment effect is not statistically significant at conventional levels, that is, the p value would be greater than 0.05. However, the confidence interval provides more information than the p value, because it indicates how precisely the treatment effect has been measured and not simply whether it is "statistically significant", yes or no.'0
No confidence intervals were presented in the study of rifabutin. However, the 95% confidence interval around the risk difference (9%) in one of the trials can be calculated as 3.7% to 14.3%. Since zero lies outside the lower limit, the possibility of a treatment effect being found in the trial when none truly exists is small. The confidence interval is moderately wide, reflecting the moderate size of each trial and resulting degree of precision in the estimated treatment effect.
How great are the likely benefits in relation to the potential harms? It is clearly important that the frequency and severity of adverse effects are reported as well as any beneficial effects. Chemotherapy or antiretroviral drugs which prolong survival are of limited value if they substantially worsen quality of life. In the rifabutin trials, the incidence of adverse effects was similar in the rifabutin (51 %) and placebo (50%) groups. However, the proportion of patients who had to stop treatment because of side effects was twice as high in the rifabutin group (16%) as in the placebo group (8%). The reasons given for stopping treatment were rash, gastrointestinal intolerance of the drug and neutropenia.
The net impact of the likely benefits and harms can best be considered by calculating the number of patients you need to treat in order to benefit one individual, in relation to the number of treated patients who are likely to suffer harm. Returning to the rifabutin trial, where the difference in risk of M avium bacteraemia between the rifabutin and control groups was 9%, we can say that if 100 persons, like those in the trial, took rifabutin for around 200 days, bacteraemia would be prevented in 9 of them. Therefore, we would need to treat 100/9 (the reciprocal of the risk difference) = 11 persons, to prevent one of them from getting bacteraemia. This concept has become known as the "number needed to treat" (NNT). If we take one of the clinical benefits, such as reduction in fatigue, we can calculate that 17 patients (reciprocal of the risk difference, 6%) would need to be treated to prevent one from getting fatigue. On first consideration, patients and health care workers might consider it worthwhile to offer rifabutin on that basis. However, since the probability of having to stop rifabutin because of side effects is 16%, 17 x 16% = 2.7 of those treated patients would suffer intolerable side effects for every one who benefited. The net impact of rifabutin prophylaxis may therefore cause more morbidity than it prevents. In such a situation, it would be important to know about potential long term benefits, such as improved survival. Larger randomised trials than the two described here would be needed to determine whether rifabutin prophylaxis improves survival in people with advanced HIV disease.
Other considerations
In deciding the relevance of trial findings for routine clinical practice other factors may need to be taken into account. Rifabutin and other rifamycin derivatives are an important component of drug regimens for treatment of mycobacterial disease. The widespread use of rifabutin as primary prophylaxis in patients also at high risk from tuberculosis raises concern about the possibility of an increasing incidence of drug resistance in patients presenting with active tuberculosis. Transient mycobacterium complex bacteraemia can occur, and the use of bacteraemia alone rather than bacteraemia plus clinical symptoms as an end point to the trial may have over-estimated the clinical effects of prophylaxis, although it should be acknowledged that transient bacteraemia frequently precedes the development of symptomatic disease. At the time these trials were published, there were also concerns about possible clinically relevant interactions with other drugs such as azols and antiretrovirals, the cost of treatment and the net impact in patients with a lower overall incidence of disseminated M avium complex infection. For all these reasons, rifabutin for primary M avium complex prophylaxis has not been widely used by clinicians in the UK. 
Conclusion

